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BOOT FOR JOINTS, SUCH AS CONSTANT
VELOCITY JOINTS, WITH A TRANSITION
AREA

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of, and claims
priority, to U.S. patent application Ser. No. 13/774,198, filed
on Feb. 22, 2013, now U.S. Pat. No. 8,747,239 which issued
on Jun. 1, 2014, entitled “BOOT FOR JOINTS, SUCH AS
CONSTANT VELOCITY JOINTS, WITH A TRANSITION
AREA.” which is a continuation of International Patent
Application PCT/EP2010/005170, filed on Aug. 24, 2010,
both of which are hereby incorporated by reference in their
entirety.

TECHNICAL FIELD

The present disclosure provides for a boot for joints, such
as for constant velocity joints, having a first attachment region
and a fold region with a plurality of folds with peaks and
roots, as well as a system comprising said boot and the use of
such a boot and said system in constant velocity joints.

BACKGROUND

Space is certainly one of the most dominant characteristics
and problems connected with the use and function of boots to
be mounted especially on joints, including constant velocity
joints. In an articulated or bended state of a joint, especially at
angles above 30 degrees, most preferred above 35 degrees, in
an inner area, where the folds of a boot are folded up, a
convolute package is formed. Said convolute package is
strain-induced, and, thus, tends to turn into an unwanted
position. Further, pressure is induced in the fold region of the
boot in the convolute package, especially in the roots and
peaks thereof. Thus, there is a need for a boot wherein the
convolute package is less strain-induced and less pressure is
induced in the fold region when used in articulated joint
states.

SUMMARY

A boot for joints, such as constant velocity joints, as
defined in the beginning, is disclosed herein as comprising a
transition area adjacent to a last fold arranged nearest said first
attachment region, with the transition area comprising a con-
necting root between said last fold and said transition part. At
least a part of the transition part is inclined towards the first
attachment region. In fact, one may say, that the boot, in
accordance with one exemplary arrangement, shows a half
cut smallest fold arranged near said first attachment region.
Advantageously, the boot provides for a convolute package in
a form of a stack in an articulated state when mounted on
joints, such as constant velocity joints, said stack being of
homogeneous art when compared to convoluted packagings
obtainable with boots known from the state of the art. Espe-
cially at angles above 30 degrees, further preferred above 35
degrees, much more preferred above 40 degrees, the convo-
Iuted package in form of a stack is orientated mainly in
parallel with a main axis of a shaft, and most of flanks of folds
of the fold region of the claimed boot are at least in part in
contact with each other, that also holds for the transition part
of the transition area. Thus, the convolute package is very
small, and due to the orientation as a stack, the load lasting on
the convolute packaging is advantageously distributed
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throughout the convolute package. Finally, the stress is
decreased. The claimed boot, thus, shows a higher lifetime
compared with boots known from the state of the art.

In one exemplary embodiment, the transition part of the
transition area, in a cross-sectional view in a direction of a
main axis of the boot, has a convex or an essentially planar
shape. Whereas it is sufficient that only at least a part of the
transition part, in one exemplary configuration more than 60
percent of the same referred to its length, will incline towards
said first attachment region, in one exemplary configuration
that over its whole length, the transition part is of essentially
planar or convex shape. The transition part of the transition
area is arranged directly adjacent to the connecting root. The
connecting root is showing an outer curved wall that is at least
in part slightly increasing in height with respect to the first
attachment region. When the transition part has the exem-
plary convex shape, over the whole length of the transition
part, the same is inclining towards the first attachment region.
In one exemplary embodiment the ted to a second attachment
region by which a boot may be mounted on a joint casing.

In one exemplary configuration, an angle ¢ defined
between a line for an inner surface of the connecting root and
an inside end of the first attachment region adjacent the tran-
sition area, and a line defined by an inner surface of the first
attachment region, is in a range of about 0 degrees to about
+60 degrees, preferably of about +10 degrees to about +40
degrees, most preferably in a range of about +15 degrees to
about +35 degrees. If angle ¢ was 0 degrees, thus, the transi-
tion part of the transition area only in part is inclined towards
the first attachment region. If angle ¢ was clearly above +60
degrees, it would not be possible to provide a boot having an
optimized and decreased packaging volume of a convolute
package in an articulated state.

Inone exemplary embodiment, at least the connecting root,
but probably also the further roots of the fold region of the
boot claimed, is twisted with an angle a, the angle o being
defined between a line going through connecting root and the
main axis of the claimed boot. Usual boots known from the
state of the art show no twisting in an unmounted state with
respect to the roots, that is angle o is 90 degrees. In contrast
thereto, the twisting with an angle o in an unmounted state is
advantageously used not only to decrease the space needed
for the convolute packaging, if the boot would be articulated,
but also to minimize stresses and pressure induced in the boot
when articulated. Preferably, angle o referred to the connect-
ing root, is in a range between about 10 degrees to about 50
degrees, preferably between about 15 degrees to about 40
degrees. In contrast thereto, angle a of the first root adjacent
to said second attachment region is in a range of about 70
degrees to about 89 degrees, preferably in a range of about 75
degrees to about 88 degrees. In a further exemplary embodi-
ment, angle o referring to the connecting root as well as the
roots between the folds of the fold region increases from the
first attachment region towards the second attachment region
of the boot. Thus, angles o of roots between the connecting
root and a first root neighboring the second attachment region
are higher than angle ¢, referred to the connecting root, and
lower than angle o referred to the first root.

The embodiments set forth above, refer to a boot for joints
such as for constant velocity joints, in an unarticulated state.
However, under articulation of the boot in accordance with
the present disclosure, further singular features are observ-
able. Thus, the present disclosure also refers to a boot for
joints, such as constant velocity joints, having a fold region
with a plurality of folds, wherein under articulation at joint
angles y above 35 degrees, on an inner area, where the folds
are folded up, all folds are packed to a stack. In contrast
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thereto, under articulation, boots known from the state of the
art, at joint angles y above 35 degrees did not show that all
folds are packed to a stack, but instead bear at least one fold
separated from the other folds forming a convolute packag-
ing. In an exemplary embodiment of the present disclosure,
also a transition area of a transition part is part of the stack.
Preferably, within said stack flanks of all folds are essentially
adjacent with each other, most preferably essentially parallel
orientated with each other. The terms “orientated” or “adja-
cent” do not mean that the flanks of the folds are in direct
contact with each other, and especially not in contact over
their whole surfaces, but only that they are orientated with
each other essentially adjacent, preferably essentially paral-
lel. Of course, they may be in contact at least with a part of the
surfaces of the flanks of the folds. The term “essentially” in
that respect does not mean that each flank of each fold is
orientated towards the neighboring flank of the neighbouring
fold in a more or less co-linear manner, but also encompasses
embodiments in which especially the flanks of a first fold
neighbouring a second attachment region is twisted by an
angle in a region about 50 degrees to about 80 degrees,
referred to a line through the peak of the first fold, and, further,
a line defined by an inner surface of a first attachment region.
At least, the convolute packaging in form of a stack, thus, is a
lop-sided stack.

In a further exemplary embodiment of the present disclo-
sure, the boot claimed under articulation comprises a transi-
tion area adjacent to a last fold arranged nearest the first
attachment region, the transition area comprising the transi-
tion part, wherein at least a part of an outer surface of the
transition part is in contact with at least a part of an outer
surface of a first flank of the last fold. Preferably, the outer
surface of the transition part is in contact over its whole area
with the outer surface of the first flank of the last fold. In one
exemplary configuration, the transition part is at least par-
tially essentially parallel with the first flank of the last fold.

In another exemplary embodiment, the claimed boot under
articulation is characterized in that at least the first flank of the
last fold and the transition part of the transition area are
orientated in parallel to a main axis of a shaft on which the
boot is arrangable. Further, also a second flank of the first fold
as well as the first and second flanks of further folds of the fold
region of the claimed boot are more or less essentially orien-
tated in parallel to the main axis of the shaft. The higher the
joint angle vy, the more orientated in parallel are the first and
second flanks of the folds of the fold region of the boot in
accordance with the disclosure. Again, it must be pointed out
that the term “orientated in parallel” is to be understood as
explained above with respect to the definition of the stack in
that flanks of all folds in the stack are essentially adjacent,
preferably essentially parallel, with each other. Thus, in that
respect it is referred to the definition of the term “adjacent™ or
“parallel”, as well as term “essentially” given above.

In an exemplary configuration of the present disclosure, the
boot under articulation comprises an inner surface of the last
root of the last fold neighboring the first attachment region
and/or an inner surface of the connecting root are in contact
with a joint casing to which the boot is arrangable. Preferably,
at high joint angles vy, that is joint angles y around about 45
degrees and more, the inner surface of the connecting root as
well as the inner surface of the last root of the last fold of the
fold region are in contact with the joint casing to which the
boot is arrangable. At other joint angles y, for example joint
angles v in a region between about 39 degrees to about 43
degrees, preferably the inner surface of the last root of the last
fold is in contact with the joint casing, and, further preferred,
also inner surfaces of at least one of the further roots of the
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further folds are in contact with the joint casing. The main
contact surface between the stack of the convolute packaging
in the boot under articulation is provided for by the inner
surface of the transition part of the transition area, whereas
further contact surfaces are only provided for by the inner
surfaces of roots of the folds of the fold region, preferably of
only one or only two inner surfaces of one or two roots of one
or two folds of the fold region at joint angles y around 40
degrees or more. The contact through the contact surfaces of
the boot is made with the outer surface of the shaft and/or
especially the front edge of the joint casing.

The present disclosure further refers to a system compris-
ing a boot in an unarticulated state or under articulation as
described before, a shaft, and a joint casing, the boot being
upset mounted on the shaft on the joint casing. By upset
mounting, it is further possible to reduce the space needed for
the boot in the claimed system. Preferably, the system is
mounted upset in a range of around 10 percent to around 35
percent, referred to the length of an unmounted boot accord-
ing to the present disclosure.

Inan exemplary configuration of the present disclosure, the
claimed system provides for an angle {3, defined between the
main axis of the shaft in an unarticulated condition of the
system, and a peak line defined by a peak of the last fold
nearest the first attachment region, angle f§ being in a range of
about 10 degrees to about 60 degrees, most preferably in a
range of about 22 degrees to about 45 degrees. In one exem-
plary arrangement of the system claimed, angle § of further
folds following the last fold of the fold region towards the
second attachment region is higher than angle [ of the last
fold. Angle p of the first fold adjacent the second attachment
region is preferably in a range of about 65 degrees to about 92
degrees, most preferably in a range of about 70 degrees to
about 88 degrees. Thus, angle f§ referring to the folds between
the last fold nearest the first attachment region and the first
fold adjacent the second attachment region show angles f§
increasing from the last fold to the first fold.

The present disclosure further refers to a use of a boot in an
articulated or unarticulated state as described above in con-
stant velocity joints, as well as to a use of a system as
described above in constant velocity joints.

Other advantages and features of the disclosure will
become apparent to one of skill in the art reading the follow-
ing detailed description with reference to the drawings illus-
trating features of the disclosure by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS

For more complete understanding of this disclosure, refer-
ence should now be made to the embodiments illustrated in
greater detail in the accompanying drawings and described
below by way of examples of the disclosure.

In the drawings:

FIG. 1 is a side cut view of the system comprising a boot
known from the state of the art.

FIG. 2 shows a partial section through the upper part of a
boot according to the state of the art in an unmounted state.

FIG. 3 shows a partial section of an upper part of a further
boot according to the state of the art in a mounted state.

FIG. 4 shows a partial section of an upper part of a boot in
accordance with an exemplary configuration of the present
disclosure in an unmounted state.

FIG. 5 shows a partial section of the upper part of the boot
according to FIG. 4 in a mounted state.

FIG. 61is across-sectional view of a system according to the
present disclosure with boot 10 in accordance with FIGS. 4
and 5.
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FIGS. 7a and 76 show a system in accordance with FIG. 6
and FIG. 1 in a bended state at a joint angle y of 40 degrees.

FIGS. 8a and 85 show a system in accordance with FIG. 6
and FIG. 1 in a bended state at a joint angle y of 47 degrees.

FIG. 9 shows a partial section of the upper part of a further
embodiment of the boot in accordance with the present dis-
closure.

FIG. 10 is a side view of the boot in accordance with FIG.
9.

DETAILED DESCRIPTION

Although the present disclosure is described with respect
to a boot for joints, such as constant velocity joints, the
present disclosure may be adapted and utilized for other fix-
able sealing applications, including such applications outside
of'a constant velocity joint. Especially, the boot in accordance
with the present disclosure may be a convoluted boot. How-
ever, also any other machinery form parts may be protected by
the boot in accordance with the present disclosure. The boot
in accordance with the present disclosure usually shows two
attachment regions. If the boot is designed to be fixed on a
shaft and a joint casing, the first attachment region is assigned
to the shaft, whereas the second attachment region is assigned
to the joint casing in the sense of the present disclosure.

In the following detailed description, especially orienting
terms are used such as “left”, “right”, “inner”, “outer”, “next
t0”, “nearest”, “following”, “neighboring” and the like. It has
to be understood that these terms are used for convenience of
description of the components or embodiments by reference
to the drawings. These terms do not necessarily describe the
absolute location in space, such as upward, downward, left,
right etc., that any part must assume. Further, in the following
description, various operating and numerical parameters and
components are described with several constructed embodi-
ments. These specific parameters and components are
included as examples and are not meant to be limiting, with
the exception of parameters and components being claimed in
the enclosed set of claims.

Further, it is to be expressively pointed out that the inven-
tion is not restricted to the feature combinations as shown in
the figures. Instead, the features which are respectively dis-
closed in the description including the description of the
figures can be combined with those features specified in the
figures. In particular, it is to be noted that any reference signs
which are incorporated in the patent claims are not intended in
any way to restrict the scope of protection of the present
invention, but rather merely refer to the exemplary embodi-
ments shown in the figures. Furthermore, it is to be noted that
the embodiments of a boot 10 in accordance with FIGS. 1 to
9 merely constitute exemplary embodiments, in particular
with regard to the number of annular folds provided there.
More or fewer folds can be arranged in a fold region 18.
Finally, identical reference signs are used for identical fea-
tures when discussing the drawings.

In the context of the present disclosure, the term “angle ¢”
is to be understood as follows: With respect to a boot in
accordance with the present disclosure, angle ¢ is defined
between a line 58 (see FIG. 4) through an inner surface of a
connecting root, and an inside end of a first attachment region
adjacent a transition area, and a line 56 defined by an inner
surface of the first attachment region. Thus, line 58 is a
tangent with respect to connecting root as well as an inside
end of the first attachment region. Line 56, in contrary, is
defined by an inner surface of the first attachment region
being co-linear to a main axis 26 (also referred to as a central
longitudinal axis) of the boot. In contrast to the definition of
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angle ¢ with respect to a boot in accordance with the present
disclosure, angle ¢ for a boot in accordance with the state of
the artis defined in another way. The reason is a transition area
24 of the boot in accordance with the present disclosure may
be seen as resembling the second (right) flank 29.1 of last fold
18.1 of a boot in accordance with the present disclosure (see
FIG. 2). Thus, in a boot in accordance with the state of the art,
whereas line 56 is defined in an identical way, when compared
to angle ¢ defined for a boot in accordance with the present
disclosure, line 58 is defined by inner surface 23.1 of last root
22.1 of last fold 18.1 as well as a last peak 20.1 of last fold
18.1. Thus, line 58 may be described as a tangent with respect
to the last root 22.1, and with respect to peak 20.1 as going
through a turning point defined by the last peak 20.1 of the last
fold 18.1 From the definition of angle ¢ with respect to a boot
in accordance with the present disclosure as well as a boot in
accordance with the state ofthe art, it becomes quite clear that
the sign of angle ¢ is changing. Thus, in the context of the
present disclosure, angle ¢ is designated with “+” with respect
to a boot in accordance with the present disclosure, whereas
with respect to a boot in accordance with the state of the art,
negative values are used.

In the context of the present disclosure, the term “joint
angle y” is to be understood as follows: In an articulated state
of a system in accordance with the present disclosure, joint
angle v is defined by a main axis of 94.1 of the shaft 92 in an
unarticulated situation, and a main axis 94.2 of the shaft in the
articulated situation. This may also be taken from FIG. 7a or
85 of the present disclosure.

In the context of the present disclosure, the term “angle o
is to be understood as follows: Angle . is defined between a
line 62 going through connecting root or any other root of the
folds in the fold region, also through roots of folds in a fold
region of abootin accordance with the prior art, and said main
axis 26 of the boot. The definition of angles o with respect to
a boot in accordance with the state of the art as well as a boot
in accordance with the present disclosure may also be derived
from FIGS. 2 to 4 of the present disclosure. Line 62 in each
case is dividing either connecting root or any other roots in a
symmetrical way. Whereas for roots in accordance with the
state of the art, angle o is always 90 degrees in an unmounted
state, in a mounted state also boots in accordance with the
present disclosure may show an angle o between around 80
degrees to around 89 degrees for some of the roots in the fold
region. In contrast thereto, angle o with respect to all roots
including connecting root of a boot in accordance with the
present disclosure already in the unmounted state show an
angle o being less than 90 degrees.

In the context of the present disclosure, the term “angle 3
is to be understood as follows: Angle {3 is defined between the
main axis 94 of the shaft in an unarticulated condition of the
claimed system in accordance with the present disclosure,
and a peak line 64 defined by a peak of the last fold nearest the
first attachment region. Thus, angle f§ in each case refers to a
mounted boot, however, in an unarticulated condition. Line
64 goes through the peak of the last folds, thus, is going
through a turning point of the last fold 18.1. Further, similar
angles f are obtainable with respect to the further folds ofthe
fold region of the boot in accordance with the present disclo-
sure.

The boots are usually made of a thermoplastic elastomere
material or mixtures of thermoelastic plastomere materials,
for example based on polyurethane (TPU), polyamide (TPA),
polyolefines (TPO), polyester (TPEE) or a thermoplastic
elastomere vulcanizate (TPV), or a thermoplastic poly-ether-
ester-elastomere (TEEE). The material or mixtures of mate-
rials of the boots in accordance with the present disclosure
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may be made of or may further comprise other materials,
especially additives like diffusion-promoting add mixtures or
any other additives a person skilled in the art will be aware of
in view of the use of the boots in question, especially in view
of the demands of automotive industry if the boots are used
for automotives. However, the boots in accordance with the
present disclosure may also be made of usual rubber-elastic
materials, including mixtures thereof.

Advantages are provided by thermoplastic elastomer mate-
rials. These include materials known from the prior art that
has two different polymer segments, namely a relatively rigid
resin segment and an elastic soft segment. The individual
polymer segments are comprised of longer chains of similar
monomers. The resin segments hold the soft segments
together by physical, network-like bonds. A thermoplastic
elastomer material for manufacturing boots in accordance
with the present disclosure is the thermoplastic material
marked under the brand name “Hytrel” by the DuPont com-
pany.

In another aspect of the disclosure, the first and/or said
second attachment region of the boot is at least partially
manufactured of an elastomer material. In contrast to thermo-
plastic elastomer materials, an elastomer material has the
advantage of having a reduced so-called “cold flow” then
situated underneath the fastening element. This cold flow is
understood to be the phenomenon in which, when subjected
to clamping or compression stress, the plastic material in the
first, but also in the second attachment region “escapes” lit-
erally from the fastener, as a result of which the boot can come
loose during operation, particularly when under thermal
stress. Other regions of the first and/or the second attachment
region can nevertheless be manufactured of a thermoplastic
elastomer material. The same advantage can also be achieved
if a layer of the thermoplastic elastomer material is placed
underneath the elastomer material. Possible elastomer mate-
rials include for example polyurethane rubber, polyester-
based polyurethane/rubber mixtures or polycloroprenes.

The first attachment region of the boot is advantageously at
least partially comprised of a layer of a thermoplastic elas-
tomer material or a layer of an elastomer material. To a great
extent, this avoids the known disadvantages of using thermo-
plastic elastomer materials in the clamping region of the
collar. It is also possible for the layer, which is comprised of
an elastomer material, to be integrally joined in a permanent
fashion to the fastening mechanism.

As the method with which boots in accordance with the
disclosure can be manufactured a pressblower injection blow
moulding process is preferred, however, boots may also be
produced with an injection/intrusion process, an injection
moulding process, an injection/pressing process and/or an
extrusion/blow moulding process. The pressblower injection
blow moulding process and the injection/extrusion process
are advantageously used, because precisely-dimensioned
boots may be produced by said processes.

In the context of the present disclosure, the first and the
second attachment region may be embodied in any possible
way with respect to the needs of the system for which the boot
shall be attached. For example, the first and/or second attach-
ment region may comprise a binder seat region. In the binder
seat region, a binder element may be located in order to fix the
boot to any possible machinery parts, especially to a shaft and
a joint casing. Such a binder element may be selected from
each kind of fasteners known from the prior art, such as
clamping elements, especially clamping straps, but also
clamp or compression rings. Useful fasteners exhibit clamp-
ing and/or compression forces on the binder seats region of
the boot. Further, the first and/or second attachment region
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may provide for slits located within the binder seats region
directed towards a possible clamping element. Further, on the
inner side surface of the first and/or second attachment region
annular beads may be located, especially when slits are
present in the binder seat region. The annular beads and the
slits may especially be orientated to each other. The slits
and/or annular beads may have different depths and/or
heights. Further, the embodiment of the first and/or the sec-
ond attachment region may be different from each other, but
also may be identical. In a cross-sectional view, the annular
beads located on the inner surface of the first and/or second
attachment region, may have a triangular or a half-round
shape. But also any other shape is possible. Further, the first
and/or second attachment region may comprise orientating
means in the form of a ring element or several block elements
provided for only outside part of the first and/or second
attachment region and at the ends of the boot opposing each
other. The orientating means are useful for defining the binder
seats region, and to hinder the binder element to sideslip from
the first and/or second attachment region when the boot is
mounted.

Referring now to the drawings, it must first of all be stated
that all drawings used are true to scale, that is that all angles
a, B, y or ¢ are directly measurable from the drawings of the
present disclosure.

FIG. 1 illustrates a system in accordance with the prior art
with a boot 10 mounted on a shaft 92 and a joint casing 90
forming a system 100 by way of binder elements in a first
attachment region 12 and a second attachment region 14, the
binder elements being not shown. The boot 10 has a fold
region 16 with five folds 18.1to 18.5. Folds 18.1 to 18.5 show
peaks 20.1 to 20.5 and roots 22.1 to 22.4 between peaks 20.1
10 20.5.

FIG. 2 shows a partial section of a further boot in accor-
dance with the prior art, being similar to the boot 10 shown in
FIG. 1, however, comprising a slit 36 in the second attach-
ment region 14 and an annular bead 35 being orientated
towards the slit 36. Second attachment region 14, thus, pro-
vides for a second binder seat region 31 for a binder element
not shown, with one slit 36 and one corresponding annular
bead 35. In contrast thereto, the first attachment region 12
provides for a first binder seat region 30 only providing for an
inner surface 44 one centrally located annular bead 34. Boot
10 in accordance with FIG. 2 is shown in an unmounted and
unarticulated state. A line 56 going through the inner surface
44 of said first attachment region 12 together with line 58
going through an inner surface 23.1 of last root 22.1 as well as
peak 20.1 of last fold 18.1 of boot 10 defines an angle ¢ of -28
degree. Further, one may derive from FIG. 2 that angle o
between a main axis 26 of boot 10 and line 62 going through
a root between two peaks of neighbouring folds in the fold
region 16 is 90 degree for all roots 22 of said boot 10.

FIG. 3 again is a partial section of the upper half of a boot
in accordance with the state of the art, however, now in a
mounted, but unarticulated state. Boot 10 being part of a
system 100 not shown in detail (see FIG. 1 in that respect)
corresponds to boot 10 of FIG. 1. Especially, the first attach-
ment region 12 and the second attachment region 14 are
embodied differently compared to the boot in accordance
with the state of the art in FIG. 2 ofthe present invention. First
attachment region 12 provides for a side wall 40 of orientating
means 38 and, further, a side wall 42 also providing an ori-
entating means for a binder element not shown. The second
attachment region 14, in turn, provides for a side wall 41 of
orientating means 39 as well as a further side wall 43 of a
second attachment region 14, thus also presenting an orien-
tating means for a further binder element not shown. Boot 10
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in accordance with FIG. 3 is mounted upset in view of the
direction of arrow 66 on a shaft in the joint casing not shown
in FIG. 3. By said upset mounting, some roots 22 between
peaks 20 are slightly twisted with respect to a main axis 26 of
the boot or main axis 94 of a shaft not shown in FIG. 3. As may
bederived from FIG. 3, angle at referring to root 22.1 between
peaks 20.1 and 20.2 defined by line 62.1 is about 85 degree,
whereas angle o, referring to the third root 22.3 and defined
by line 62.2 is again 90 degree.

FIG. 4 now shows a partial section of the upper part of the
boot 10 in accordance with the present disclosure. A first
attachment region 12 and a second attachment region 14 are
embodied similar to the first and the second attachment
regions 12, 14 of the boot in accordance with the state of the
art according to FIG. 3. In contrast to the boot 10 in accor-
dance with the state of the art in FIG. 3, boot 10 in accordance
with the present disclosure shows a transition area 24 com-
prising a connecting root 52 between a transition part 50 and
a last fold 18.1. Line 58 defined by an inner surface 53 of
connecting root 52 and an inside end 46 of the first attachment
region 12 as well as line 56 defined by an inner surface 44 of
the first attachment region 12 forms an angle ¢ being around
+24 degrees. Further, boot 10 of FIG. 4 being unmounted and
unarticulated provides for an angle o, between a main axis 26
of'the boot 10 and a line 62.1 going through connecting root
52 of around 48 degrees. Further, an angle a, between said
main axis 26 and further line 62.2 going through root 22.4 is
around 86 degrees. Angles a, thus, are increasing from angle
a, to angle o, in the boot 10 in accordance with the present
disclosure.

FIG. 5 now shows a boot 10 of FIG. 4 in a mounted, but
unarticulated state. The boot 10 is mounted upset in the direc-
tion of an arrow 66 on a shaft and a joint casing not shown here
forming a system 100. Transition part 50 has, in a cross-
sectional view, a convex-like shape and provides for an outer
surface 51 and is not a fold. Last fold 18.1 provides for a first
flank 28.1 with an outer surface 60. Angle [} defined by said
main axis 26 of boot 10 or main axis 94 of the shaft not shown,
and a line 64 going through peak 20.1 of the last fold 18.1, is
about 36 degrees. An angle f§ not shown in FIG. 5, however
being defined by a further line 64 going through root 22.3, is
about 68 degrees.

FIG. 6 now shows a system 100 in accordance with the
present disclosure, comprising root 10 in accordance with
FIGS. 4 and 5 being upset mounted on a shaft 92 and a joint
casing 94. Shaft 92 defines a main axis 94, and boot 10 defines
main axis 26.

FIG. 7a now shows the system in accordance with FIG. 6 at
ajoint angle y of 40 degrees. On an inner area 80 a stack 82 is
formed by the folds 18 of the fold region 16 of boot 10 as well
as the transition area 24. Especially, transition part 50 with its
outer surface 51 is in direct contact over the whole length with
outer surface 60 of the first flank 28.1 of last fold 18.1. The
inner surfaces of two of the roots of the boot 10 are in direct
contact with the front edge of joint casing 92, whereas the last
two roots neighboring the second attachment region 14 are
not in direct contact with joint casing 90, but nearly in contact
with the same. One may say that first flanks 28 and second
flanks 29, as defined in FIGS. 2 and 4, are more or less
orientated essentially adjacent, more precisely essentially
parallel with each other. Further, folds 18 as well as transition
part 50 are orientated more or less in parallel with bended
main axis 94.2 of shaft 92.

In contrast thereto, FIG. 76 shows the situation at a joint
angle of 40 degrees in a system 100 with a boot 10 in accor-
dance with the prior art as shown in FIG. 1. On an inner area
80 no stack is formed by all folds, especially last fold 18.1 is
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not part of a stack. Further, the folds are orientated essentially
perpendicular to a main axis 94.2 of shaft 92. Further, not the
roots of the folds in fold region 16 are in contact with the joint
casing 90, but instead joint casing 90 is contacted with the part
of an inner surface of a flank of the first fold adjacent the
second attachment region 14.

FIGS. 8a and 85 are similar to FIGS. 7a and 75b, however,
the joint angle y is now 47 degrees. One may see that with
respect to a system 100 in accordance with the present dis-
closure as shown in FIG. 8a, now all folds are packed to a
stack 82 on said inner area 80, and that all flanks of the roots
are at least in part in contact with each other. Further, also
inner surface 53 of connecting root 52 is in contact with the
front edge of joint casing 90. The same also holds with respect
to root 22.1 of last fold 18.1. The further roots, especially root
22.4, is not in contact with its inner surface with said joint
casing 90. In contrast thereto, FIG. 856 shows the situation in
the system 100 with boot 10 in accordance with the state of
the art, being more or less similar to the situation shown in
FIG. 7b.

FIG. 9 provides for a further embodiment of a boot in
accordance with the present disclosure. FIG. 9 is a partial
section through an upper part of an unmounted and unarticu-
lated boot 10 with a first attachment region 12 and a second
attachment region 14 bearing two slits and correspondingly
arranged annular beads on an inner surface of the second
attachment region 14. A transition area 24 of the boot 10 is
similar to transition area 24 as shown in FIG. 4, however,
transition part 50 has a planar shape and no convex shape and
is not a fold. Transition part 50 inclines from a connecting
root 52 to the first attachment region 12 between connecting
root 52 and a side wall 42 of the first attachment region 12.

FIG. 10 is a side view of boot 10 in accordance with FIG.
9, whereas especially inclining transition part 50 of transition
area 24 can be derived from.

The present disclosure consequently provides for a boot
and a system that through the provision of a transition area
near the first attachment region of a boot, especially for the
attachment on a shaft, permits a minimization of space pro-
vided for especially on the inner area of a boot mounted on
constant velocity joints in an articulated state at high joint
angles y.

While the inventive boot has been described in connection
with one or more embodiments, the disclosure is not meant to
be limiting. Rather, the invention covers all alternatives,
modifications, and equivalents within the spiritual scope of
the appended claims taking into account the description.

The invention claimed is:

1. A boot for joints such as constant velocity joints, the boot
comprising:

a first attachment region closest to a central longitudinal

axis;

a fold region with a plurality of folds with peaks and roots;

and

atransition area adjacent to a last fold arranged nearest said

first attachment region, said transition area comprising a
connecting root between said last fold and a transition
part;

wherein at least a part of said transition part is inclined

towards said first attachment region; and

wherein said transition part, in a cross-sectional view in a

direction of the central longitudinal axis of said boot, has
aconvex shape over a whole length of the transition part,
and is not embodied by a fold.

2. The boot according to claim 1 wherein an angle (¢)
defined between a line for an inner surface of said connecting
root and an inside end of said first attachment region adjacent



US 9,353,799 B2

11

said transition area, and a line defined by an inner surface of
said first attachment region, is in a range of about 0 degree to
about +60 degree.

3. The boot according to claim 1 wherein at least said
connecting root is twisted with an angle (a), the angle (o)
being defined between a line going through connecting root,
and said central longitudinal axis of boot.

4. The boot according to claim 3, wherein the angle (o)
referring to said connecting root as well as said roots
increases from the first attachment region towards a second
attachment region of the boot.

5. The boot according to claim 1 wherein at least said
connecting root is bent at an angle defined between a line
bisecting the root and the central longitudinal axis of the boot,
wherein angles of the roots increase from the first attachment
region toward a second attachment region of the boot.

6. The boot according to claim 1 wherein the whole length
of the transition part is inclined towards the first attachment
region.

7. A system comprising:

a boot including a first attachment region closest to a cen-
tral longitudinal axis, a fold region with a plurality of
folds with peaks and roots, and a transition area adjacent
to a last fold arranged nearest said first attachment
region,

wherein said transition area includes a connecting root
between said last fold and a transition part;

wherein at least a part of said transition part is inclined
towards said first attachment region; and

wherein said transition part, in a cross-sectional view in a
direction of said central longitudinal axis of said boot,
has a convex shape over a whole length of the transition
part, and is not embodied by a fold;

a shaft;

a joint casing; and

said boot being mounted on the shaft and the joint casing.

8. The system according to claim 7, characterized in that an
angle (p), defined between said central longitudinal axis of
said shaft in an unarticulated condition of said system, and a
peak line defined by a peak of said last fold nearest the first
attachment region, is in a range of about 10 degrees to about
60 degrees.

9. The system according to claim 8, characterized in that
the angle () of further fold of the fold region is higher than
the angle (j3) of said last fold.

10. The system according to claim 7 wherein the whole
length of the transition part is inclined towards the first attach-
ment region.

11. A boot for joints such as constant velocity joints, the
boot comprising:
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a first attachment region closest to a central longitudinal

axis;

a fold region with a plurality of folds with peaks and roots;

and

atransition area adjacent to a last fold arranged nearest said

first attachment region, said transition area comprising a
connecting root between said last fold and a transition
part;

wherein at least a part of said transition part is inclined

towards said first attachment region; and

wherein said transition part, in a cross-sectional view in a

direction of the central longitudinal axis of said boot, has
a convex shape over the whole length of the transition
part, and is not embodied by a fold; and

wherein said connecting root has a curved outer wall that at

least in part slightly increases in height with respect to
the first attachment region.

12. The boot according to claim 11 wherein the whole
length of the transition part is inclined towards the first attach-
ment region.

13. A boot for joints such as constant velocity joints, the
boot comprising:

a first attachment region closest to a central longitudinal

axis;

a fold region with a plurality of folds with peaks and roots;

a transition part disposed between the fold region and the

first attachment region;

a connecting root disposed between and connecting a last

fold of the fold region and the transition part;

the transition part connecting the connecting root with the

first attachment region and the transition part in a cross-
sectional view in a direction of the central longitudinal
axis of said boot having a convex shape bowing away
from the axis; and

wherein in an inner area of the boot in an articulated con-

dition, a first flank of the last fold and the transition part
are in engagement with each other and are essentially
oriented in parallel to the longitudinal axis.

14. The system according to claim 13, wherein in a non-
articulated condition, an angle (j3), defined between said cen-
tral longitudinal axis of said shaft in an unarticulated condi-
tion of said system, and a peak line defined by a peak of said
last fold nearest the first attachment region, is in a range of
about 10 degrees to about 60 degrees, and further wherein the
angle (f) of each further fold of the fold region is higher than
the angle (p) of all folds more proximate to the first attach-
ment region.



